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0 Process for preparing monoUtha of aerogela of metal oxldea. 



® A process for tfie preparation of monofilfts of 
aerogels of metal CMides, which aerogel is either 
constituted by one single oxida, or is oor&iituM by 
a mixture of oxides. Is dtsdosed. which prooass 
consists of the followtng operating steps: 

(a) the relevant metal alico)dde(s) Is/are mixed 
with water in the presence of a catalyst of acidic 
ciiaractort 

(b) the so dbtained mbdire la hydiolysed; 

(c) a ooSoidal suspension of the oxide of a 
Mmeta) equal to. or Afferent from, ttte nnetsKs) used In 
<the (a) step is added to the hydrotysate: 

Q (d) the so obtained colloidal soluSon ia caused 

T«tD turn into a gel (gelation) having tfw desired shape 

C9and dimensions; 

^ (e) the gel is wastted; 

CO (f) the gel is dried at values of temporatune 

C^and pressure whidi are higher tim tf« critical pree- 

0siire and temperature values of ttie soKent used for 

^the washing. 
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PROCESS FOR PREPARING MONOUTHS OF AEflOGaS OF METAL OXIDES 



The present invention relates to a process for 
the preparation of monoliths d aemgels of metai 
oxides, which process substantially comprises an 
acidic hydrolysis of an aikoxide of the concerned 
metal(s), the gelation of the resulting coiloidai solu- 
tion and the drying of the resulting gel at tempera- 
ture and pressure values higher than the aitical 
temperature and pressure values of the solvent 
used in a prior washing step. 

The method for preparing monoliths of glasses, 
giass-cer^c monoliths, ceramic monoliths based 
on silicon owde. alumina, zirconium oxide, titanium 
oxide, and so forth, based on the mixing of the 
aikoxide of the concerned mefcal with alcohol, water 
and a suitable catalyst, as an add or e base, is well 
known iejQ., from U.S. patent No, 4.681,615). Ac- 
cording to this method, the hydrolysis and polyoon- 
densation of the aikoxide takes place, with a col- 
loidal solution and then a gel (aicogei) being 
fonmed. 

FurthermofB. from U.S. patem No. 4,432,936, It 
is known that if said alcogel is dried under hy- 
percritical conditions, the resulting product is an 
aerogel: i.e., a tow-densily material, which fWa a 
Isrge numtjer of applicattons both as a finished 
product (e.g., as a transparent Insulating material, a 
catalyst or a catalyst support and so forth), and as 
an intermediate produa for manufacturing high- 
density glasses, glass-ceramk: materials, or ce- 
ramie materials. 

The main drawback of the above said prepara- 
tion method is that if one operatae with concen- 
trated solutors of the interesting metals oxides, 
monoliths tree from faults (microcracks) cannot be 
generally obtained. The preparatton has nence to 
be caniod out by starting from diluted eoiutkms; 
but. in such casa when the porous n^aterial is 
submitted to the step of doneity incroosa the large 
volume shrinkage causes deformations, and makes 
it difficult the dimensional specifications of the de- 
sired product to be compled with, unless further 
mechanical processings ans carried out 

Furthermore, the hypercriticai drying should be 
carried out under very well-controlled operating 
conditbns owing to the presence of toidc and/or 
flammable materals {ethyl akxhol methyl afcohd). 

Furthermore, in the above menttoned prepay- 
tion process, the solvent to be removed from the 
alcogel is constituted by a water-ataoholic sdutfon 
very rich of water therefore high temperatures and 
pressures have to be used in order to operate 
always under concfltons by far exceeding the criti- 
cal values. If Che aicogei has very small pomsitles. 
the removal of the soivent from the pressurized 
container should be carried out very stowly in order 



to obtain acceptable yields of large-size monoliths 
free from faults. 

It is known as well that monoliths of silica get 
having targo-aze porosities and therefore easier to 

5 be dried, can be manufactured by adding colloidal 
silica to the solution of the' hydrolysed aikoxide. In 
fact glass monoliths of considorabia dimensions 
were obtained by means of the sintering of the 
xerogd obtained by slow drying under room pree- 

10 sure of alcogels containing colloidal silica, and pro- 
ducts of hydrolysis and polyconsensallon of silicon 
alkoxides (e.0., U.S. patent No. 4.681.615). 

According to this patent the preparatkjn of the 
colloidal silica comprises a step of increase of pH 

76 value by means of the addrtton of ammonium hy- 
droxide, which step is very critical, in that the 
coricemed solution is very viscous, and at high pH 
values the gelation times are very short (of some 
minutes) and the useful pH range is very nanrow. 

20 Furthermore, the drying of the akxjgel under 
room oondfttons of temperature and preesure is 
very deficate and taioes place within a very bng 
time (o1 at least one weekj: the yield of monoliths 
of xsragel free from faults Is not constant and 

25 reproducible, and Is often lower than 100%: the 
process is carried out In the presence of toxic 
and/or flammable solvents; and. fInaUy, the dis- 
closed method does not produce an aerogel, but a 
xerogel. 

30 The presertf Applicant found now a process, 
which precisely is an otject of the present inven- 
tion, for the preparation of monoliths of an aerogel 
of one or more metal oxide(s), which makes tt 
possible aU of the drawbacks, which have been ^t 

3S described by referring to the methods known from 
the prior art and which, among others, are nearly 
exdusivety relating to the preparation of slllca- 
baeed structures, to be overcome. 

In parttcut^. the process accortsng to the 

40 present invention dtsplaya the foltowing features, 
which turn it Into a very advantageous one: 

- the colloidal solution contains very high corv 
oentratkins of the metal OKide(s) in question: 

- drying temperature and pressure are relativQl/ 
49 low: • the same drying is ended within time inter- 
vals of the order of the hours: 

• the use of either flammable or toxic soWents is 
atssolutely avoWed; 

- the rend result is characterizad by quantitative 
so yields of fault-lroe monoliths, which may' also be of 

large size. 

- the gelatton times are of the order of a few hoiffs; 

- an increase of the pH value of the coltotial 
solution Is not necessary. 

Such a process is canied out by means of the 
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following operating steps: 

(a) an alkroddo of at least one intorostinQ 
metaMs mixed with water in the presence d a 
catalyst of actdtc cnaraciBr; 

(b) the so obtained mixture is hydrolysedt 

(c) an oxide of at least one. interesting metai 
is added to the hydrotysate as a fine powder with a 
hioh specific surface area; 

(d) the so obtained colloidal solution ts caus< 
8d to turn Into th9 gel ststa (getattony: 

(e) the get ie washed: 

(f) the gol is dried at values of temperature 
and pressure which are higher than the criticaJ 
pressure and temperature values of the solvent 
used for the vrashing. 

Therefore tfie (a) step corresponds to the pre- 
liminary mbinq of one or more aUco)cide(8) with 
water and an addle substance as \ivd catalyst ttie 
selection of an alicoxide of a metal, or of a plurafty 
of alkoxkjes of metals Is of course dictated by the 
desired nature of the end monoUth, which can be 
constihited by one oxide only, a by a mixture of 
two or more oxides. Etch metal odde - with 
particuiarty attracth/e results being obtained in case 
of oxides selected from among sitica, alumina zir- 
conium oxide and ttarium oxkJe - can be used as 
such. Of the metal oxides can be used tn mhcture 
with each other. Any allanddes can be used as the 
starting material, wfth the use of aUooxictes derhring 
from afiphatic alcohols with a smaU number of 
cartxKi atoms being anyway pretened; with methyl 
alcohol and sthyf alcohol being most preferred. 

m arda- ttiat the hydrolyais of the (b) step may 
take ptace, the presence is necessary of an acicfic 
catalyst and any catalysts known for the intended 
purpose can be used: stiB according to a preferred 
iom of practical embodinfwnt the use of hydro- 
chloric add. nitrk: add or acetic add is prefisrred. 

The hydrolysis is carriod out at room tempera- 
ture and, at the end, the sokitkm of the hydrdysate 
IS mtxed with a metal oxide - which Is in the form 
of a voMIe powder - saiectad from among the 
hereinabove listed metal oxides; the metai can be 
equal to. or different from, the metai(s) containad in 
the alonfde used as the sladino material: of 
course, ooltoklal siOca will be used tn case the 
hydrolysis was carried out by starting from a silcon 
alkoxkle and the end purpose Is a silica monoBth: 
the same apptlae to the case of other coddes. 

Ihe coOoidal soUitian can be sent to the subse* 
quent step o1 gelation, In the same concentration 
as obUied Jn the preceding mixing of the 
hydrotysate with the colloidal suspenskm c( the 
oxidec thus, the concerrtration can also be high, and 
no drawbacks are obeen^ during the execution of 
the successive steps of the process according to 
the present irNeiitk)n 

The gelation of the coQokJal solution is carried 



out by pouring the same solution into a container of 
the desired sivpo and dimensions; the operation is 
carried out at temperatures lower than 50 *C and 
within a time ranging from a few minutes to some 
5 hours. 

The so obtained gel is suitably weshed with a 
chbrinatsd organic solvent is order to remove the 
water-aloohofc solution contained inside the pores 
of the gel. and the use of a non-flammabie solvent 

70 wfth low values of critical temperature and critical 
pressure Is preferred. 

The gel is Anally dried under conditions of 
temperature and pressure higher than the above 
mentioned critical values of tfw weshing solvent 

IS The yields to the end product are practically 
quantttative and the obtained products can be sub- 
sequently sintered unfit the desired glass-lika mon- 
ottttrs are obtained. 

The end products display ail of the required 

20 characteristics for any possible successh^ applica- 
tions known ior them from the prior art such as. 
e.g^ a high surface area, a good transparency, a 
k>w coeffident of thermal expansioa and an ex- 
tremely good degree of heat and sound insUatton. 

SB All of the above, and hirtha* operating details 
win be evkJent from the reading of the foikiwing 
ilkistratrve examples, which shall not to be con- 
strued as being anyway HmttatlYe of the same 
tnver>tlon. 

Example i 

100 ml of tetramethoxy sflane (TM03) is stinred 

9S at room temperature, for 2 hours, wHh 182 mi of an 
0.01 N solution of HCl. To the so obtaii«d dear 
solutkHt 40.6 g of colk»kjal sflica ASOSIL 200 is 
added, still with stinnng. The resulting mixture is 
further homogenized by means of a treatment of 

40 sonication for 10 minutes and then any silica ag- 
glomerates poeeibly contained tn the soUitton are 
removed by centrfiugation at 3.000 rpm. 

The rosulting coUoidai solution has pH value of 
ZZ and is poured into a polythene cylinder of 90 

49 mm of dUtmoter and 200 ntm-of height and 
equipped with a tfgltt^ling cover. The getaflon of 
the colkridal solution takes place at room tempera- 
ture within approxtmatety 12 hours: the gel under- 
goes a smafl reduction In dtameter, suffident to 

so enable the gel to be easily extracted fnDm the 
polythene tite. The silica gel cyinder is then 
placed kvide a container also containing 500 ml of 
anhydrous 1,1,1-trichk3noethylene and te left stand* 
tng at room temperature for 12 hours. The gei 

ss drying is carried out under hypercritical condHk)n8, 
by charging the vessel whk;h contains the silica gel 
to an autoclave of 3 litres of volume, which is then 
pressurized with nitrogen at room temperature up 
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to me pressure of 80 bar. The heating of tho 
autoclave is then started, at a heating speed of 
I50'ahcuf, until the temperatue of 300* C is 
reached. With increasing temperature values, the 
pressure mside the autoclave inoBOses up to 160 
bar. and such a pressure ualue is kept constant by 
acting on the vent valves. With the temperature 



Example 3 

100 ml of t6trafithylo)cy silane (TEOS) is stirred 
at room temperature, for 2 hours, with 140 ml ot an 
0.01 N solution of HCI. To the so obtained clear 
solution 40.5 o of colloidal silica AEBOSIL 50 is 
added, still with stirring. Tlie resulting mixture is 
further homogenized by means of a treatment o1 



being stiil kept constant at 300' C, by acting on the further homogenized by means of a treatment ot 

^,.-«H ^ H«^«««fl riflwn to rtMm oressure. at ro present silica aggtomarates are removed by oen- 



then caused to decrease down to rcxmi pressure, at 
the speed of 15 bar/hour. Tho solvent contained 
inside the autociava is thus removed. Tne last 
traces of such a solvent are removed by washing 
the autoclave with a slow stroam of nitrogen for 
about 15 minutes. 

The autoclave is then rapidly cooled down to 
room temperature. The resulting silica aerogel is 
constituted by a translucent cyBnder free from 
cracks or detects, of 45.5 mm of diameter, and of 
190 mm of height a density of a28 g/cm3. a 
specific surface, as determined by means of a BET 
method, of 6.30 m^/g. a volume of the pores of 
1.65 cm^/g. and an average diameter of the pores 
of 88.5 A. 



Example 2 

100 ml of tetraethytoxy silane (TEOS) Is stln^ 
at room temperature, for 2 hours, with 140 ml of an 
0.01 N solution of HCI. To the so obtair«l dear 
solution 40.5 g of colloidal afica AEROSIL 50 Is 
added, still with stinlng. The rssumng mixture Is 
further homogenized by means of a treatment of 
sonication tor ib minutes and then any silica ag- 
glomerates possibly contained in the solution are 
removed by centnfugation at 3.000 rpm, 

Tho resulting colloidal solution hae a pH value 
of 1.92. and is poured into a polythene cylinder of 
50 mm of diameter and 200 mm of hoig^rtt, and 
equipped with a tight-sealing cover. The gelation ot 
the colloidal solution takes place at room tomporo- 
ture within approximatelv 12 hours: the gel under- 
goes a small reduction in diameter, sufficient to 
enable said gel to be eesfly extracted from tho 
polythene tube. Tho atlloa gel cylinder is then 
soaked in 500 ml of Ul.l-trichioroethyienfl and is 
left standng at room temperature for 12 hom. 

The gel drying is canrted out under hypefoHI- 
cai concStions in tho same way as disdoaed in 
Example 1 . 

The resulting silica aerogel is constituted by an 
opalescent cylinder free from cracics or defects 
having a specific surface of 777 m^/g. a volume of 
the pores of i .9 cm^/g, and an average diameter o1 
the pores of 98.4 A. 



present silica agglomarates are removed by oen- 
trifugation at 3,000 rpm 

To the resuiting colloidal solution a solution ol 
0.1 N ammonium hydroxide is added until a pH 
value of 6. Is reached, aid then the resulting mix- 
/5 ture Is poured into a polythene cylirtder of 50 mm 
of diameter and 200 rrvn of height and equipped 
with a tjgh^sealing cover. The gelation of the coi- 
loidat solution takes place at room temperature 
within approximately 1 5 minutes, and the gel is left 
20 starxjing 12 hours at room temperaturB. A mod- 
erate volume shrinlcing takes place, which is any- 
way sufficient to enable said gel to be easily ex- 
tracted from the polythene tube. The silica gel 
cylinder is then soaked in 500 ml of 1,1,1-trich- 
25 loroethyiene and is left standing at room tempera- 
ture for 12 hours. 

The gel drying is carried out under hypercri^ 
cal conditions in the same way as disclosed in 
Example i. 

30 The resulting silica aerogel is constituted by an 
cylinder of an opaque material, free from cracks or 
defects, having a diameter of 43 mm. a height of 
120 mm, a density ot 0.26 g/cm^. a specific surface 
of 330 m2/g. a volume of the pores of 1 .26 cm3/g, 

35 and an average diameter ot the pores of ISO A. 



Example 4 

40 100 ml of tetraethyl orthosilane (TEOS) is 
strred at room temperature, for 2 hours, with 140 
ml of ai 0.01 N solution of HCI To the so obtained 
dear solution si g of cofloidai silica AEROSIL so is 
addod. stiS with stining. 

46 The resulting mature is firther homogwized 
by nwans of a treatment of eontcation for 16 min- 
utes and then any silica agglomerates possibly 
contasied in the solution are removed by cen- 
trifuoation at 3.000 rpm. 

00 To the resulting colloidal solution a solution of 
0.1 N ammonium hydroxkle is added until a pH 
value of 4.S Is reached and the resulting mixture is 
then charged to a polythene cyiinder of 50 mm of 
diameter and 200 mm of height, and equipped with 

55 a tight-sealing cover. The gelation of ttte coilddal 
solutkm takes place within approximately 15 min- 
utes, and the gel is left standing 12 hours at room 
temperature. A moderate volume shrtnWng takes 
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ptac9, which is anyway sufficient to enable satd gel 
to be easily extracted trom the polythene tube. The 
silica gel cylindgr is then soaked In SCO ml of 1.1.1 - 
tricnioroethylene and is left standing at nxm tem- 
perature fori 2 hours. 5 

The gel drying is canied out under hypercriti- 
cal conditions in the same way as disclosed in 
Bcampie 1. 

The resulting silica aerogel Is constituted by a 
cylinder of opaque material tree from cracks or w 
defects having a diameter of 47 mm, a height of 
120 mm, a density of 0.44 g/cm^, a specillc surfece 
of 390 m^/g. a volume of the pores of 1 27 cm^/g. 
and an average diameter of the pores of 1 18 A. 



Example 5 

The aerogels obtained as disdosed in the Ex- 
amples from 1 to 4 are gradually heated in air up 20 
to the temperature of 950 * C at the heating speed 
of 3' C^ninute. and are maintained at the temperar 
ture of 950* C tar 18 hours, are further heated up 
to 1150* C at the heating speed of 3* CAninute, are 
kept at the temperature of 1 15Q* C for 2 hours and zs 
are then rapidly cooled down to room temperature. 
Such a thermal treaonent causes the sintering of 
the aerogel and produces transparent giass-fke 
bodies of 2.19 g/tm^ of density and having char* 
acteristics analooous to those ot fused slilca. 30 



4. Process tor preparing aerogel monolltns ac- 
cording to claim 1 ar^ 3, in which in the (a) step of 
claim 1 the alkoxide is preferaoty selected from the 
group consisting of tetramethoxy siiane and 
tetraethoxy sitane. 

5. Process for preparing aerogel monoliths ac- 
cording to claim 1 , in which the gelation of the (d) 
step is carried out at a temperature lower than 
50* C. 

6. Process for preparing aerogel monoliths ac- 
cor<fing to claim 1 . in which the gel washing ot the 
(e) step is carried out by means of a chlorinated 
orgarric solvent. 

7. Process for preparing aerogel monoliths ac- 
cording to the preceding daim. in which the gei 
washing is preferably canied out with l.l,i-trich- 
loroethylene. 



Cleinia 

1. Process for prefMsring monolltiw of an 3S 
aerogel of at least one oxide, which process oonv 
prises tho following operating stepst 

(a) an ailordde of- at least one interesting 
rneial is mbced with vroter 01 the preeenco of a 
catalyst of addic character: 4o 

(b) the so obtained mixture is hydroiyeed; 

(c) an ouda of at least one interesting m^ 
Is added to the hydrolysate as a fine powder with a 
high specific surface Siosi 

(d) the so obtained colloidal sokition is ecus- 40 
ed to turn Into the gel state; 

(e) the gel is washed; 

^ the gel Is dried at values of temperature 
and pressure which are higher than the crrtica] 
pressure and temperature values of the solvent 90 
used Idr the washing. 

2. Process for praparing aerogel monoOths ac- 
cording to the preceding claim, in which the metal 
of the (a) step is selected from among silicon, 
alimlnum, ztroontum and titanium. as 

3. Pmcess for preparing aerogel monoDths ac- 
cord^ to the preceding claim, in which the metal 
preferably is siGcon. 
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